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HIIHFW 7KH UHGXFWLRQ RI WKH VXUIDFHWRPDVV UDWLR LV WKHPRVW LPSRUWDQW SDUDPHWHU LQ WKLV UHVSHFW $ WXQJVWHQ DOOR\ KDV EHHQ
FKRVHQ DV WKH EHVW FRVW HIIHFWLYH VROXWLRQ 7KH/$5(6 PLVVLRQ KDV EHHQ UHFHQWO\ SURSRVHG DLPLQJ DW WKH FRQVWUXFWLRQ DQG
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6WHOODDQG6WDUOHWWHDOWKRXJKPDGHRIDOXPLQLXPDOOR\VLQWKHRXWHUVKHOOFRQWDLQDKHDY\PHWDOPDVVFRSSHUDOOR\
IRUWKHILUVWWZRVDWHOOLWHVDQGGHSOHWHGXUDQLXPIRUWKHRWKHU/$5(6VDWHOOLWHLVLQVWHDGPDGHRIRQHVLQJOHSLHFHRI
WXQJVWHQDOOR\ DPRQJ WKH ODUJHVWSLHFHHYHUPDQXIDFWXUHGDQG IRU VXUH WKH ODUJHVW DPRXQWRI WXQJVWHQPDVVHYHU
ODXQFKHGLQRUELW>@7KHVDWHOOLWHKDVEHHQVXFFHVVIXOO\SXWLQRUELWRQ)HEUXDU\ZLWKWKHTXDOLILFDWLRQ
IOLJKW RI 9(*$ ODXQFKHU >@ 7KH REMHFWLYH RI WKH PLVVLRQ LV WR PHDVXUH DFFXUDWHO\ WKH IUDPHGUDJJLQJ HIIHFW












DUWLILFLDO RUELWLQJ REMHFW 7KLV UDWLR LV GLUHFWO\ SURSRUWLRQDO WR WKH DFFHOHUDWLRQ LQGXFHG RQ WKH VDWHOOLWH E\ QRQ
JUDYLWDWLRQDOSHUWXUEDWLRQV7KHUHIRUH/$5(6LVWKHEHVWWHVWSDUWLFOHDYDLODEOHLQWKHVRODUV\VWHP>@2IFRQFHUQ













'XULQJ WKH/$5(6PDQXIDFWXULQJ VRPH LVVXHV UHODWHG WR WKH ORZIUDFWXUH WRXJKQHVVRI WXQJVWHQDOOR\VZHUH
HYLGHQW WKH PRVW FULWLFDO SDUWV EHLQJ WKH VFUHZV XVHG IRU DQFKRULQJ WKH &&5 V\VWHP $ EDWFK RI VFUHZV ZDV
SURGXFHGE\PHDQV RI D ODWKHPDFKLQH WKDW XVXDOO\ SURGXFHV D SRRU VXUIDFH ILQLVK ,Q IDFW )LJ D FOHDUO\ VKRZV
VHYHUDOZHOOYLVLEOHFUDFNVRQWKHVFUHZH[WHUQDOVXUIDFHWKDWDSSHDUVLUUHJXODU'XULQJPRXQWLQJWHVWVVRPHVFUHZV
PDQXIDFWXUHGE\PHDQV RI WKLV WHFKQRORJ\ EURNH XS7KH DQDO\VLV RI WKH IUDFWXUH VXUIDFH >@ UHYHDOHG WKDW WKLV
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IUDFWXUH SUREDEO\ VWDUWHG IURP FUDFNV SURGXFHG GXULQJ WKH VFUHZ PDFKLQLQJ DQG WKHQ SURSDJDWHG IROORZLQJ
LQWHUJUDQXODU SDWKV&RQVLGHULQJ WKLV H[SHULPHQWDO REVHUYDWLRQ DQG FRQVLGHULQJ WKH ORZ IUDFWXUH WRXJKQHVV RI WKLV
PDWHULDO LW LV DSSDUHQW WKDW WKH VWUHQJWKRI VFUHZV FDQEH LQFUHDVHGE\ VHOHFWLQJ DPDQXIDFWXULQJ WHFKQRORJ\ WKDW
DOORZVWRDYRLGFUDFNIRUPDWLRQ7KHPRVWLQWHUHVWLQJPHWKRGVHHPVWREHWKHWKUHDGUROOLQJSURFHVVWKDWDOORZVWR





















$ VHWV RI IRXU VSHFLPHQV ZHUH PDGH LQ DFFRUGDQFH ZLWK $670 VWDQGDUG ( E\PHDQV HOHFWUR GLVFKDUJH
PDFKLQLQJ$670( LQYROYHV WKH WHVWLQJ RI QRWFKHG VSHFLPHQV HLWKHU LQ WHQVLRQ RU WKUHHSRLQW EHQGLQJ 7KH
WKUHHSRLQW EHQGLQJ WHVW KDV EHHQ SHUIRUPHG LQ WKLV ZRUN E\ XVLQJ VSHFLPHQV VKRZQ LQ )LJ  DQG KDYLQJ WKH







DQG FDVWLQJ )RU WKDW UHDVRQ WKH SRZGHUPHWDOOXUJ\ZDV DGRSWHG IURP FHUDPLFV DQGXVHG IRU SURGXFLQJ WXQJVWHQ
FRPSRQHQWV0HWDOOLF DOOR\V SURGXFHG E\9$5 DUH XVHG IRU DSSOLFDWLRQVZKHUH FOHDQOLQHVV DQG KRPRJHQHLW\ RI
DOOR\VDUHLPSRUWDQWWRLQFUHDVHIUDFWXUHWRXJKQHVVRIWKHILQDOFRPSRQHQWV*HQHUDOO\VSHDNLQJVWUDWHJLFLQGXVWULHV
VXFKDVDHURVSDFHDQGSRZHUJHQHUDWLRQUHTXLUHWKHKLJKSHUIRUPDQFHJXDUDQWHHGE\9$5UHPHOWHGPDWHULDOV2YHU










DOOR\ GHQVLILFDWLRQ LV UHDFKHGPRVWO\ E\ UHDUUDQJHPHQW RI WXQJVWHQ SDUWLFOHV WKDW JURZ GXH WR WXQJVWHQ WUDQVSRUW
WKURXJKRXWWKHOLTXLG7KHLQWHUSDUWLFOHERQGLQJDIIHFWVPDLQO\PHFKDQLFDOSURSHUWLHVVXFKDVVWUHQJWKDQGGXFWLOLW\
$V LW FDQ EH REVHUYHG LQ )LJV  DQG  WKH WXQJVWHQ DOOR\ LV FKDUDFWHULVHG E\ WXQJVWHQ JUDLQV HPEHGGHG LQ D
PDWUL[WKDWZDVOLTXLGDWWKHVLQWHULQJWHPSHUDWXUH7KHWXQJVWHQSDUWLFOHVKDYHDVL]HUDQJLQJIURPWRDERXW
ȝP)LJVKRZVDOVR WKDW WKHUHDUHVHYHUDO LQWHUSDUWLFOHQHFNVDPRQJJUDLQV WKDWDUHIRUPHGGXULQJ WKHVLQWHULQJ
SURFHVV('6DQDO\VHVFDUULHGRXWRQWKHVWXGLHGDOOR\VKRZHGWKDWWKHSDUWLFOHVDUHSXUHWXQJVWHQ)LJDZKLOH







&RQVLGHULQJ WKDW LQ OLWHUDWXUH WKHUH DUH YHU\ IHZ GDWD DYDLODEOH ZH GHWHUPLQHG WKH IUDFWXUH WRXJKQHVV RI WKH
PDWHULDOXVHGIRUSURGXFLQJVFUHZVXVLQJWKH$670(WHVWLQJWKDWFRQFHUQVWKHGHWHUPLQDWLRQRIWKHSODQHVWUDLQ
IUDFWXUHWRXJKQHVV.,&RIPHWDOOLFPDWHULDOVE\XVLQJGLIIHUHQWIDWLJXHFUDFNHGVSHFLPHQV7KH.,&GHWHUPLQHGE\
WKLV WHVWPHWKRGJLYHV LQGLFDWLRQVDERXW WKHUHVLVWDQFHRIDPDWHULDO WRIUDFWXUH LQSUHVHQFHRIDVKDUSFUDFNXQGHU
VHYHUHWHQVLOHFRQVWUDLQW
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)LJ('6VSHFWUDVKRZLQJDWKHFRPSRVLWLRQRIWXQJVWHQJUDLQVSRLQWLQ)LJDQGEWKHFRPSRVLWLRQRIWKHELQGHUSKDVHSRLQWLQ
)LJ






 3max 34 .4 Acceptancecriteria
 1 1 ܯܲܽξ݉ 3PD[3T .4»ı\%
6SHFLPHQ     
6SHFLPHQ     
6SHFLPHQ     
6SHFLPHQ     
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.4YDOXHLV03D¥P&RQVLGHULQJWKDWIRUVSHFLPHQ.4LVHTXDOWR.,&LWFDQEHDVVXPHGWKDW03D¥PLVWKH
IUDFWXUH WRXJKQHVV RI WKH VWXGLHG DOOR\%\ FRPSDULQJ WKLV YDOXHZLWK WKRVH DYDLODEOH LQ OLWHUDWXUH >@ LW FDQEH
YHULILHGWKDWLWLVTXLWHVLPLODUWRWKRVHPHDVXUHGIRUVRPHDVVLQWHUHGWXQJVWHQDOOR\V7KLVWRXJKQHVVYDOXHFRXOGEH
LQFUHDVHGE\PDQXIDFWXULQJSURFHVVHVVXFKDVUROOLQJIRUJLQJRUGUDZLQJWKDWFRXOGWKHQLQFUHDVHVFUHZVWUHQJWK
6(0 H[DPLQDWLRQ RI IUDFWXUH VXUIDFHV KLJKOLJKWHG WKDW WKH IUDFWXUH LVPRVWO\ LQWHUJUDQXODU FORVH WR WKH QRWFK
ZKLOHPDQ\FOHDYDJHIUDFWXUHVDUHYLVLEOHIDUDZD\IURPWKHQRWFK)LJ%\DQDO\VLQJWKHFUDFNSDWK)LJDLW
LVHYLGHQWWKDWIUDFWXUHIROORZVDFRPSRVLWHSDWWHUQRIFOHDYDJHIUDFWXUHRIWXQJVWHQSDUWLFOHVDQGGXFWLOHIUDFWXUHRI
WKH ELQGHU (DUOLHU LQYHVWLJDWLRQV >@ VXJJHVWHG WKDW GXULQJ GHIRUPDWLRQ WKH WXQJVWHQ JUDLQ HPEHGGHG LQ D VRIW
PDWUL[ SKDVH LV VXEMHFWHG WR D K\GURVWDWLF VWUHVV DQG WKDW WKH DOOR\ EHKDYLRXU FKDQJHV E\ FKDQJLQJ WKH JUDLQ
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$VIDUDVWKHSURSDJDWLRQPRGHLVFRQFHUQHGWKHFUDFNJURZVZLWKDPL[HGPRGHWKDWLVLQLWLDOO\LQWHUJUDQXODUDQG
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